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ARSTRACT 


Various writers have stated thet an siternating 
current tachaneter generater hes ¢ voltage outpub pro} 
portional to the shaft engular aeceleration, when exelted 
with direct current. 


this thesis deels with the derivation of a perrorsence 
equation relating the voltage output to the ahert enguler 
acceleration and an experimental and computer verification 
ef the derived equation. It was found that the voltage 
output is proportional to the sheft angular eacecaleration 
modifies by e deviation function. The deviation function 
is a function of the type of Shaft motion to which the 
instrument is subjected and in general decreases the 
proportionality with ilneveasing shaft angular veiocity. 
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several suthors, notabiy /Ahrenct (2)" and Davis ’ 
have stated that it is possible to excite arn inauction 
tacnometer with d-c ana obtuln a dec outout voltap,e oro- 
portionai to the shaft angular acceleration. shen tue 
excitation is dec, the quedrature rlux aslon: the seconaary 
(output) &xis wil} also be dec with « density proportions] 


tS the speeq of the rotor, With tue rotor shaft at coLetant 


S$d@6d, tre fiux a@iory the output axis *iiL od steed) ana 
Wili not menerete En outHut soltepe. SMowever, a8 tare 
velocity changes (acceleretion) tne output axis wlidines 

Wili aetect the rate of chane of flux ana proauce a tc 
OuLGut volta, e proportiunal to tHe uacceieration of the 

snaft. 

This wiffere froa@ the nome @ppliceticn efedn ineuction 
tachoneter where tie excitation 1s sec anu bLue output volbese 
is aec with an amplitude prosortional to the velocity ofr 
the shaft. 

Powle = and Lovett “ have sucessfully used this 
application of se Gaec excitea incuction tachoweter In @ 
servo loop as the souree ul a Teedbac<c sitnal proportional 
to acceleration. “he use of sccereration usa. pia in serve- 
mechanisms is unalofous to ifertis, Similar to velcscity 


damping being analo.ous to viscous dreg., “y proper aujuste 
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ine tiwebers in gapent lessee Terex 
Mi bDliokrevy. 
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went of the ecceieravicn Teapige, a “néPetivd inertia” camp 
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be designed into » system for inere@eing speéd of 1esponge. 
Fowle ond lovett determined tle angular eeceleration- 


output voltage sensitivity of the tachoMeter expc.risventally 









and usec a proportionality constant to represent tile lela-_ 
tionship. 

ere ourpose of titis te@sis is to weriee or esbeulish 
limitations of the use of & proportisnulits constdgt vo 
represent tne perlormence equation of the induction teenometer 


we ft 


“eS an accelerozeter. : 











CHAPTIM & 


ENALYLS 


Description of Tachometer Considered 

The analysis is made on a dragecup induation teechoneter 
(induction generator), ue toe the avellability of the unit 
itseif and to infermation as to ts physica: propersien(”) (6) 
an AWKMA 12400 INDUCTION CUNDRATON Lea used. This is a four 
pole drag-cup induction generator with concentrated windilags 
wound on a etetionery lecineted states core. The magnetic 
peth 1s completed througi a laminated stator in the gener- 
ator case. There exe two sate of vindings on the core 
iccated in electrical suadrature. The normal excitation 
when used es a tachometer is 115 volts 400 eps in series 
with a etanderd input network. 

The analysis is meade considering a two pole device for 
simplicity, with notations made when the enaiysis is — 
to the particular four pole tachometer used, 

Fig. A-l shows the physical dimensions of the AMA 
1B400 and the description of the dimensions used in the 


analysis. 





The aneclysis is baeed on the following aasuzptions: 
1. The main (input) winding is excited with 
direct current from a constant current 
source. 
2. The main winding fluz, thes is of constant 


value, evenly distributed eround the periphery 
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raiuy Maysit:, noel to Cee e oe 
ctre @rd cup. @@fects of Big. we slo 
this distribution are mesiected- 


Owe Mue to tue hiph perwenbhLiit@® ot the ivon 


1S asSuBeea to occur ucross the ail 
4, “There 18 nmetilpitlie lbeaxapme flux awe to 
roto? (cup) current®. The ickka@e flux ir. 
the mein Wiagdings Ls 9180 newiecw@a Jue to 
tie ascBbu@otioty of a-c excitation @WEL:. & cone 


Stam CurPPert source. 


pty 8 s . : ‘ ~~ a Tres 
or Mak. OUD L itis Aed + » Dee aims ete Cy Lb va V 
. + AN oe Wy Fe Not ’ TR 2 £4 a ere @: aces ~ 13 
Open Cale Sees Wee: e eas Ore ee Ms pit ene teatas BS ge L2G 
in uciitg iSG.20GO teem tsgee i eanc ‘rect due 
wo od ae Cv re, Sees tae rg oo wihhed Wasa ~ & a i) a 


Memivetion of .erlormance Bguution 

Ip this serivetion the r-iractlew “SHit >oyoume (3) @ri22 
meeeed. This is sn aduption of the CGS Blectromednetic 
Maat wvster. uSing volts, amperes, uni ohins. 

Pig. g-1 shows the répresentatiuns aad syMbols used 


in this derivation, 
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K,. Nuriber of turns on the Mein (7? or input) winding, 
Ry Namoer of turns on the Y (output) @xis Minding, 
Dm Piux @evelcped fro® the main winding turns. 

b> resultent flax in tice sir mep, ulon™ the A-axis. 
by Wlux slons the Y-axis. 


Se ox Hes mhepresentations of the instantaneous mmf's 
progucec by current floming in @» Simle. coil 
(c-c) which represents ar clement of the arge- 
cup. ‘the & end y subscrivts desisnates the fiux 
cut by the coll to produce the current. #@lil the 
current produced by cutting d, ie syometrical 
ebout the Yeaxis ang all the current procucea Ly 
cutting b-- is syrfetrical ubout the Teuxis. 

BGS © eeiiecbctarisns of the veSuitent oaf's creates bv 
the currents in the drege-cup symmetrical about their 
respective uxes. 


Pig, 2el. aepresentation and definitions of the flux and 
mf symools. 





where (X is tie Weluctunce of the metnetic poh, saeence 


all the reluctance is consiuered to bé conecéntruted im bBhe 


ir e(eeap length) centimeters7+ 
(area 


Also, i, is the resultant current in a sinfiie coil 
equivalent of the Jrag-cup to produces. . i. is symmetrical 
<> 
similarly, iy is the resultant current, 


symmetrical about the Y axis, which woulda flow in e single 


Peli equivalent to produce Sy, Therefore 


0 R jor 's (2) 
and 


Be On _ iin Newnes ix) 
A (ar ea) | (ar ea) (2 ga P) (area) 


At (Nmim— 2x) gauss (3) 
lo (2g) 


Biso : AY 7 
By = j9(2q) a 


ow uSiny the assu.ption of square wave ailstribution 


Of flux on the pole fuces, tue inauced emnt’s uus to rotation 
of the cup are: 


ae. roy} ‘ 
Cn = 78 2B, fr O volts (bd) 
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where #4. & G& y Bie tue Speod voltages aue tb culting By 
v4 By respectively, § is the axial lengol of the pole 
race, ris tie yedius to the center Sf (ie Ghp Beet) eee 
@ is the speed of rotation of the GYrag-cup expressed in 
mechunical radians pes second, 
asain consicering the armj-cup as an equivalent single 
ong 


| diy + Riy = ©&sa (7) 


L a +4 Riy = UC Sy (3) 


a 


where x” and L** are the resistance und inuictance of the 
dragecugo when it is considerea as an eouivalent single coil, 
Substituting Bas. (5), (4), (&), tnd (6) into (7) ana 


(8). 
diy a, 
tery + Ry = (48 (AC) 8 (Nanton ~ (2) 
Xr 


[oe + Rip = ATF) 8 ly (10) 


or 
Eo =n Ray == Ke GNinatne = ihe (ia 
dix : a Ke ? + > \ 
= i Rix 4 (le j 
where 


has. (11) end (12) represent one method of explaining 


the actions of 3a drag-cup induction genorator. First, the 
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inerementsl colis of the cam out ti sipiee cues Puux, 

de, “and VOltazes abe induced in 4]]1 ue ineoresents, The 
induced voltage csuses s distribution of current in Vive 
Cu, which is symmetrics] about the teaxis, gna iy is the 


equivalent current in a sinwle coil, sytmetrical about 


fo) 


the Y-axis, that would produce the salle crossg-axis Tlux, 


ty, as would be produced by the suemation of ail the 


currents in the incremental coils, The cup atil eleo be 
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Cutting this cross-axis flux and this will induce voltsyes 
i Gil*the itncretegtea Miich eit Create & Clrroe.t Gi gee Butian 


Syametricel about the Y-axis. his -rovuces an mf Gi sng, 


the Keaxis,S,,, Voilch opposes the wain field flux @nd is 


therefore a demaxnetizing force, 


Therefowe by solvind Bqs. (13), af@ (72) For i qi 


y? 
time dependent equation for the current alom the Y-anis 


Can be obtained. -y 1S provcortional tl tre wegnitudd of the 


“exis flux and therefore the P~irst Cerivative or 1 Ss 
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roportional to the rate of change of flux along, the Y-aais. 
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Prom (M¢é Paté@ of chanwe of Plux alongs tite Yeaxle the 
Output voltage cei: be obteined. 


molvimg Po. (3) for ix 
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Substituting Sqs. (14) and (1c) into (12) and wroupinge terms 
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8, + = ty KO dt Kay T RN = K ry 





2 2 2 os . 2 @aea 
diy (28) 66) dis (R > - BLS, : | 
WMG) a es) rere ty = RNatm 


or 


diy , (28 S)dis , RY , (Kf 88 | -(ReNail (25) 
di? lL 6/dt L eee) 7 co) 


oc) a oe * ‘ “ Cees le. ie. eee Soe. 4 me fl % . 
wre 1S tiie SCLGalLlLOw Ler Bae’ Curlers a. | ene vi_Ll. ees | soub 


the Y-axis, inee 
gi = AT, i 1} + 
Y LO 4 ¢ Lives ® 


dy 


e —_ At Ny dy VoLts (aa 
out 107 , 


Theoreticaily, Ly is ®ropurtional to 6. Meérelore 
the theoreticai performance enuation siould be 


2 
: an) . 
(R) ty = Nmlm “0 





va 
ly = Nmi m0 
and 
diy Bs 
= p anny oh 
Th Nm mop 
then 


erat a (Ag) (Netinion(K) 6 = "Kees 


10 (25} 


where Ka is the theoretical acceleration proportivnulity 





Por ay OLS MWiBKLL elt ee tec 


Jn. (17), veduTiw i. whilst IW consid@Pef te sceoar gene 





Tyee nee envugtion,. 


rmné aectual cerforimnce ejuaticn will “e explesced es 


Court = K « [DF 6 (19) 






where [ox 4s defined as the beviation Function for the 


Merticudme tyee of forcing@ runction, ©. 


[rl i actual oerformance euation 
theroretical perforaance @¢quation 
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Hen Go. (10) ig Oxémings it @ypeants that the retio 


ee * e 


a/e wili ten® to go to Infftnivy st ai:y bite & aldprosehes 
2. Dee z 
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9 . di | 


mow it becoties ajiperent tiitt a8 9 SDPrued.es zero tne 
oe e 
ter. 3/e is glways finite. 

oinee the belformance equuticon cenmmot be svaved 

MAC Licitily Pox Ly, iu is nece¢egsury tbo SoLlve Lie eyuetion 
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Pa Were. tems usil.g Vhbicuse function® ror & ELLCh, wil® 

reoresent t..e PPacticul ust c.f tie sevice. 
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nis tYie AStisn is loeporidrt Whee SS use PraeVice cs 
desi¢grin: hervohechtnis.s based of Wes ved cor sveciTied 
frequency response cheractéristics, mhic. necessitatés 
testing witu e@ sinusoid@h input. 

ime Otmer type of shePt qotion consitéree 18 that sor 
Q@ shart comljag wo to Shead #8 tne result of a st@p vol tape 
luput to Bile control pheee of & sero Wetor. This ection 
B@Sults iu tie shaft cowlag uy: to stewdy state spead, 
apvroximately, exponeftitially. “Whe soiution for the exvo- 
nentieal type notion alsu reSults in the siead;y state 
sensitivity of the sccelero.eter when used in «a speeu 
regulatin, syster to inlicate shart acceieiations Bbout 
the re, wliscted speed. 
Perfor ance jauetion for sinusoids!  otion 


Sinusoigai riotion is described Ot, the folilopming eqiavion 
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G= O,,coswt +C 
Q = —O6,,W sin wt 


2e 2 


G9 = —O,W* cos wt 


vhere G,” is the maximur angular shaft Uilepvlacesent 
Prom its center position and W is thé pngulal velocity 
or the forcing mecaanisn,. 


Concidering, Eq. (12). ané assuming thet 
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Now Substituting this expression for iy Into fq. (e1) 
and then substituting the resulting equation into Pa. (20), 


the followins is obtained. 


2 2 ep P 
diy . aR diy VR J+ Yerereig Kg Ral 
det t dt* +) + C8) + a2] f= Nini EIS+ Be 
Now if it is essumed™ that 


(RY >> > (2) Oe 
3) d 





then Eq. (2 econ 
diy R. Nie ee , 


ik CcOmparison tetween Eqs. (24) anda (11) shows that i, 
has been implicitly assumed Sauil coupared to Nig. 

“hen Eas. (24) and (17) are solved in Laplace Transform 
notation (using gs as the Laplacian operator) the following 


equation is obdtuined 


€ out (5) = Kee (25) 


where Tequais L/it. When fq. (@0) ie solved as 8: funetion 
. ee a 2 
of tine, and using 90 = ~8_WecosWt, the following equation 


is obtained. 
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avm : Beco oslwl — 
oe gee ee 


W = ta! te 


After the transient has passed, the steady state output 


where 





Herer to Table cee for the va ation of tnls assumption. 
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Table J-1l1. Corrs 


f = 24163 cm 


is 0.0982 cr 
P = 14.3 yonm-cn 
r= 1.9640 cm 
% = 0.0560 cm 


® = 0.0149 om71 


tants for 


veuey 
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= aged 
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Table Jc. Comparison of terms in the dependent variecile 


coefficient. 


Values of constants 





Q 
10 
20 
50 
40 
00 
60 
70 
80 
90 

100 
110 
129 
130 
140 
150 
160 
170 
180 


from Table d-1 


9 =({1/8)100 Tcos looTt 


as (kaxy + (K° 8 5)| x IO” 
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0.00 
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where oe). is the Tiasausoiaal veviation Function. 
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ly << Nyl-, the value of i, will be founda, 
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from the steudy state solution of Be. (24) 


ty ~ Ninn R mW tw \@ Vo (23) 
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oe + By = 2% 
dt — a (23) 


By soiving + qs. (28) and (23) for L,, it can ce shown 
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: -3 j 


This verifies Wye, eSsumption and therefore @as. (24), 
f (27), @#6 velia for @n AIA 18400 IfmouvcrTo 
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where 5, i¢ the sleady state speed i radials Yer aceuaa, 


t9 


ae is the tine constant of the exsorentiui carve and 
Z=t/~ is a new independent variable. 

Pizas. 4-5 (&) and 4-5 (a} shov the colwerison of the 
assunntion of exponential ‘Shalt ction und thet @ctuelsy 
Obtaines by coniying 4 voltage step to tie control ehsse 
of a tvoepnase servonotor. 
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dy QR Ay R\; - kK (de R . 
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dt ak al 
Which is the same ss "in. (24). 
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solving this equation Tor 1,(2) Gy Laplace TRAnsToLmations 
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cerforuance Aecustions 
The veath uspartment of the W.I.T. instrusentation 
laboratory, srograesmed tne Jey ob0 computer fcr the sinul- 
tenéous solution of Las. (11) und (12) using the values of 
mre constants for the ahr R400 ITRDUCTIV? CHARBRATOR 45 


listed in fTatle J] and the rolilowiln, forcing functious: 


‘a = 314(\ oe e- 0286) 
and 


O= Q,, Ww sin wt 


RwnerTre 
On = VB radian 
oO = \0OT radians/second 


The results of the corputer solution served «3 a se&ns 
of checking the assumptions asde in the cerivations for 
tne #etual mex Fomalnce Roauations. THe results of some of 
the conputer compsrisons ere shown on Flés. url, vurk, Jed, 
and ved. 

For both types of motion the IBM 60 provided, as part 


of its solution, the ratio (is Nentm whicn represents 


what hes been defined as the Deviation Function. 
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For sinusoldal motion, where the derivea Deviation 
Function is -j¥ 


the following comparison resulted: 


\ Bola 

IBM 650 oe a ee 
— | 0.290 

Derived value [DF]. “5 Taree 


In the derivation for the Sinusoldal Devietion Function, 
the value of iy was assumed to be small coupared to Node. 
A check on this essumption was made by having the IBM 650 
compute the value for i,. The maximum value of i, fron 
the computer solution was 0.09 while Ri. is 20,65. This 
comparison verifies the assunption used to obtain the 
Sinusoidal Deviation Function. 

For exponential motion, the Ih. 650 Computer was used 
to solve the equations up to t = 0.00 seconds, where the 
Exponential Deviation runction changea form. 

Table o~4 gives a comparison between the IBM 6850's 
values for (iy Kin &) and those obtained from the derived 
Fxponential Deviation Function, which is 
-R¢ 

[OF]. = 1-e 
E 
The derivation for the *xponentisl Deviation Function, 
[pz] rl, also asswnes that, for time prior to 0.05 seconds, 
the value of i, is small compered to Nydi,. The IBM 600 


Computer solved for i, and at t = 0.05 seconds, i = 0.0605 





Table J-4. Value@ obtained for xponential veviation Function 


From [ DF] EL 


From IB 650 


0.0004 
0.0012 
0.0O0ZO0 
0.0040 
0.0060 
0.0080 
0.0090 
0.0100 
0.0200 
0.0500 


0,3444 
0.7186 
0.8805 
0.9880 
1.0010 
1.0030 
1.0050 
1.00350 
1.0010 
O.9972 


0.5450 
0.7165 
0.8775 
0.9850 
0.9988 
0.998& 
0.9999 
1.0900 
1 60000 
1.0000 





While Nin is 20.65. This conparison verifies the assumption 
used to obtain the =xponential Deviation Punction for time 
prior to t= 0.03 seconds, end arter this tine the effect 
of the increasing i, is included in the second “xponential 
Pevietion Function which is 
\ — (4ey 
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Introduction 


In oraer to conflra the erfectivensés 2f_8n bec Backheweter 


uped as an secelerometcr, trste here coni@ucte® or the Wa 
1400, drape-cup tyse, inauction -enerutor. as was teen previouse 
ly stated, this choice “as one cl convenience. The tachoneter 
(inguction generator) used was connected on a comvon suafrt 
Meth 2 Moditied HJR CK 3004, two-prese, «00 cps, iInewetion 
motor. Fis. 41 and 4-2 stiow sketches of the test setup for 
the extonential sotion und Vuble 4-1 deseriles tie taucuometer 
@ma Hotors uped. Yor reasons tiat witli te stated batei, it 
WES necessary to conmect another wotor (twoepuuse, dO cps, 
induction Motor) to the shaft extensgicn of the 400 cps fotor. 
vne of tue usual test signais to servouneciunisms 1s 


Sinusoidal. YThererore it was desireable to test tre ectcelere 


o~ 


ometer Wita sinusoidai notion. Another reason for this type 


Or test was to provide two indepenJent t.ethods of ciecring 


the constants analytically zerives. #iso tris type of test 


(9) 


was used by Fewle and Lovett to obtain Fy, the 


> 


aa ~~ = 
f) i 


Sectleratio: proportionality constett, Gnu .t #@s pert © 
me object of this thesis to verif(@ ox Waex<e liditdtions on 
their coneciusions. 

Sor tife sinusoidal motion, tne &° cys .otol #as reMoved 
and the 400 cns moto: shart was colnectcd uirectiy to ti.e 
Sinusolitial Strokxing attectument of the ®.1.1. Bar’ saeco 
; — (B04 
Laboratory oLine-urive ° 
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Pig. 4-1. Sketch of test set-up for exponentiul motion. 
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Table 4-1. Description of Units 

ARVA 1LB400 INDUCTION GENERATOR 

4-@pole, Grag-cup type 

Normal excitation 115 volts 400cps 
BENDIX CK 3004 INDUCTION }OTOCK 

z2-phase, lé-pole 

Main field excitation 110 volts 400cps 

Control Field excitation 220 volte 400cps 
DIEFL CDA-211052 INDUCTION LoOTou 

2-phase, 2-poles, 2/i& watts 


Normal excitation 78/115 volts 60 cps 


Cw 
Dy 
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60 cps 
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Wiring diagram 
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where “, is tné steady state Speed anc Tis the time ¢oustant 
Of the exponential curve. It wés felt that tnis could te 
done by avolying a step voitepe to tie Gontroi phase wWinsing 
of a ttioenhage incuction motor. Vices. 4c (4) and 4-5 (8} 
Show the shuft speed-ti.ue reintilons.zi. resuitin, fre this 
type of ster input. 

Phe first Mert of thi test Wes to carlteyte Ue contol 
CAese® voltae Settii to ie€Sulting siult stéeidy sgtute speed. 
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es 
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wes cxcited with 1LO yoits-400 cps and Lie output volta:e 


read With various settings of ti:@ w.otor cuntrol phase voltue 
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The resalts of these ¢sulibiabions ete Shown ON Figs. 4-4 ana 


piti. tne tuchogetdr calivratcci, Lt WHS possitie to 
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Sneed was set “Vy reading tie Output voltape of the ac 
excited tacnometer, ‘When the Sotor wes shut of f 2nd the 
Output of the d=c excited tuckoMeter Bus fed, tiiRowesh a 
@egiouul@tor, into the recorder. When tie Wetor was turned 
on, the demodulated tacho.eter output wes recorded. This 

is shown on Fig. 4-6 (a}. The muxinu. Velue of the curve 
corresponds to the Steady state soeed nmeasuren from the 
tachomete: output voltage and tire fine constant is thet 

tine st which tne curve fiss reeched 60.2 percent ol tie 
Steacy state value. 

After this speed curve was obtained, the excitation of 
the tachometez: was changed to d-c and the potentioneter 
(Fie. 4-2), was adjusted to provide the excitation current 
Gesired. Using the same setting on tne motor control ohase 
volteave, and with tne tachometer output fea directiy into 
the recorder, the motor Was again turnea on and now 4a voltage 
Omwteout proportional to seeeleration wes obtained. Figs. 
4-8 (b) through 4-6 (qd), show this output voltaze-tie 
relationsnind. . 

The recorder was ti.en voltage calibrateu to obtain a 
scale for meusuring the output voltege frol the accelerometer 
(dec excited techoreter). 

ners were osciliations present when tie accelerometer 
output Shoula have been at s steady state valuc of zero 
which woule correspond to the steady state constint speed, 

An investigation of these oscillations Léa to changing from 


the 400 es rotor, Pith 1t4 coMilion sh&rt and conmectiny iron 


45 








casing with the tachometer, to the use of a 60 cps Rotor, 
connected to the shaft extension of the 400 eps motore 
tachometer unit. When ths tachometer was not excited, but 
one of the 400 cps motor phesea aus excited, &G study of the 
tachometer output revealed the presence of a 400 eps signal, 
even with the shaft stationary. 

To eliminate this unwanted signal, the 80 cps motor 
was connected to the sheft anid the 400 cpa Motor was left 
Ge-energized. sAmother unwanted signel was noted when the 
sheft was rotating at constant apeed. The output was put 
On an oscilloscope ané the signal was predominuantiy SOO cps 
when the 400 cps motor was used. It was decided that this 
aignal wes cue to the norsal double frequency torque varie 
ations of two phase induction motora. This was proved by 
Observing the same condition when using the 60 cps motor. 
The predominant signal wae now one of 120 ops, plus some 
higher order harmonics and also a signal of a lower frre- 
quency {approximately 45 cps}. It was found that the lower 
frequency was reduced and the 120 aps signal made more 
predominant by changing the coupiing from fiexlbie rubber 
to a more rigid metal one. The increase in coupling. 
Figidity had improved the reproduction of the torque 
variations of the motor and these torque variations pro- 
duced detectable variations in angular acesieration. This 
detection of the motor torque variations prowes the effece- 


tiveness of the device as an eccelerometer. 
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LAS 3 “oO 48) CHArcu 2 4D 
6U CHS Motor OTivithe vite goo Cpe 1.0obor ang Lacnoneter, 
vinusoidal potion Tests 
ee ree OL LE STS 

‘8S stated Previously, tie sinusoidal motion was Obtalned 
bv Connecting the 400 CPS Motor shart exteiusion, ai Peet ly 


Onto the sinusoidal Sbroking attachmen: Of tut AAT LT, SerVvoe 


. ie | (13) 
Lecnenisiis w~iLozatory olneeurive . 


Sig. 4-7? shows a Sketch of tue Sinusoidal Stroning 


atltechrent , 


Kotates at OX, 

constant 

Speed WwW bi r 
ee, 








r and w are adjustable 


Fig. 4«7, OLnusoidal atroking attachtent of Sine-drive 





This test consisted of measuring r and x LO deternine 
9, and then making various settings of the forcing frequency, 
QJ, end then recording the acceleroueter (dec excited 
tachometer) output voltarye. Fig. 4-8 is the result of a 
Series of these tests. 

shen it became apparent that the curve was sloping, 
upward with increasing forcing, frequency, contrary to £q.(27), 
the output was examined on an oscilloscope. It was found 
that the rundamental frequency epproached a sqguure wave with 
increasing frequency and became more sinusoidal at lower 
frequencies. The excitation on the tachoneter was chanped 
to 400 cps and nov the output, which then represented shaft 
velocity, appeared on the oscilloscope as a 400 cps carrier, 
modulated with ea triangular wave when the forcing, frequency 
was high. This again confires the fact that the tachometer, 
with d-c excitation is performing one more differentiation 
than it does with a-c excitation. 

The detrimental effect of the square wave accelerometer 
output was that the output volta,e reudings were being made 
with a vacuum tube voltmeter which read the root mean square 
(rms) value, and this value changes with wave shape. Vince 
the rms value of & wave increases as the wave suave -0es 
from ginusoildal to square, this would explain the upward 
Slope of the curve with increasing frequency, as shown on 
Fig. 4-8. 


In general the testing mechaniam is unsatisfactory for 
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this type of use, since Lie sine-drive itseif is rot Yeslune 
to drive « ierge inertia (a@ tachometer drap-cup rotor plus 
the 400 cps motor rotor in our application) and tie sine- 


drive is linitea In frequency. The sine-arive does have a 





scotch=eyoke atteciment for driving heavier shafts but vikS 


attachnient is limited to « frequency of LU cps, 


= 4b 








CriaPpTar 5 


VIOCUSSION OF TEST AESULTS 

Exponentiel Tests 

A voltage output scele was meade from the calibration 

f the Senborn necorder. This scale was used to pick off 

voltage values from the recorder tape representing acceler- 
ation for a particular time. The time scule was. based 
On tre 60 cps timing trace. tbxamples of the recorder 
tapes are shown on fig. 4-6. 

Tne vaiues for velocity, 9, were taken from Fig. 
4-6({a) and plottec on Fig. 4-3(a). The values for ecceler- 
ation, 9, as shown on Fig. 4-3(b), were obtained sraphically 
from Fig. 4-3(a). 

Using the values for 9 and 8, and the values for e,,,, 


at selected time intervels, lt was possible to solve for 


values of K/K and thus Ka, by trial solution of 

Cour = KalDF],,6 = 

- (Key | 
ERAS R 
Gout = (AEN N NR 2 8 
oa Ney 

The values of the other constants were ottaineu fron 
Table 3-1]. 

By averaging the results fron several values of tine, 
the value of K/k = 1.05 x 107° was obtained, This value 
wes used to compute a new Kq which is now 7.42 x Gr? 
volts/radian/second”. 


Fig. O~) shows the use of [pr] _., using the exnerimental 













EXPERIMENTAL DATA, 


PUTED FROMI[DF] - ee 
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ta 
TIME, sodas” 
Pig. Sel. Couparison of values of computed Deviation 
function to experimentelly Ceterminea vulues. 
value of K/R, to compare with experimentally determined 
points. 
Sinugoidel Tests 
AS previously stated in Chapter 4, the root-mean-square 
(rms) output increased with ineresesing forcing, frequency, 
due to wave shape degeneration. Pased on the observations 
of the wave shapes on an oscilloscope, the Ps values of 
Output voltage were corrected for weve shape. To make 
this correction for wave shape the frequency at which the 
Output wave shape was sinusoidal, and that frequency at 
which the wave shape became square was determined. The 
rms values were corrected to peak values based on the 
assumption that the rms values for the chenging wave shape 


increased linearly with frequency, up to the value for a 


OO 





Square wave. The effect cf this correction is shown on 
Fie. 4-8. 

After the wave shape correction was made, tiie slope 
OF the voltea,6e output vs 9 curve of Fig. 4-3 provided the 
experimental determination of the scceleration Proportion- 
ality Constant Ka. 
Suanary Of Test kesults 

30th test metnods provided an independent means of 
determining Ka. The results of the tests wers 


ee. are ' 
moe 7 4cx10 voite/Zadang from exponential test 
second 


—6 ren 74 . 
Ka= 6.75 x10 volte/=e% from Sinusoidal test 
second 


Since these two values coupare favorably, the value 
of K/kK determined from the exponential test is considered 
as being correct. This value was K/R = 1.0b x 107! and 
is lower than the 1,81 x 107" that was predicted. The 
predicted value was based on the derivation of kL ir 
Appendix A. It is Known that the derived value of h should 
be increased, since the Gerivation aid not consider any 
resistance in the return paths between the two incremental 
coll sides (shown on Fig. Am-l). An increase in the cerived 
kh will recuce the predicted K/k, bringing this ratio closer 


to the experimentally determincd value. 








CHarTER 6 


CONCLUSIONS AED ANCOPMSIENDATIONS 


Performance Lauations 

The comparison between the two experimentaily determined 
Acceleration Proportionality Constants, Ky , verifies the 
analytical approach used in Chapter 2, if the velue derived 
for Kk is modified as gageedtet in Chapter 5. ‘This verifies 
the practicality of predicting the proportionality constant, 
to e@ reasonable degree of accuracy, from only the physical 
measurements. 

The XYBM Computer comparisons proved the accuracy of the 
assumptions used in the derivation of the Actual Vverformance 
Equations. 

Therefore the Actual Perfrormance Equation of a d-c 


excited, drag-ecup, tachometer, is considered toa be 


cout = ie lor| 6 


where e-j¥ 
pF), = ie 2 Vo for sinusoidal motion 
[i+ (Ky 
y = tony) 
OO forcing frequency 


or expressed in operator notation 


| 
@a dynemic lag 


K 
lor}, = |-—e ie for exponential motion t < 0.03 


| - (8 


Flee Tae for exponential wotion t > 0.05 
y+ (KO¥] 
R 


ee 
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For the oihs 15400, the K/R value hus been changed, 
from thet listed in Table S-1, to the value 1.05 x 107° 
that was determined experimentally. Yhe value of K/L is 
now 1615 and this gives a break point for [pr], of 289 cps. 

The above perfrormence equations place limitations on 
the statenent that the output voltage, of a d-c excited 
drag-cup tachometer, will be proportional to the shaft 
angular acceleration. 

The normal use of this device in servo mechaniszs, 
will be with sinusoidal shaft motion at frequencies where 
the Deviation Function has negligible effect. As the 
forcing frequency epproaches the break point frequency, & 
phase lag will develop, which is in contrast to the effect 
noted by rowle (9) It is felt by the authors that fowle, 
Since he used a simiiar sine-drive, experienced the sane 
wave ahape degeneration with frequency, that the authors 
noted. This wave snape dereneration is discussed in 
Chapter &. 

Test irocedures 

48 previously stated in Chapter 4, the autnors feel 
that wa better metnod of sinusoidal shaft excitation is 
required if information is to te obtained above 2O cps. 
It is desirable to excite the sheft at hisher frequencies 
to locate the break point frequency, and thus have an 
accurate means of determining, K/L. Below 20 cps it is 


felt that the sinusoidal excitation orovides an easy method 


Od 








Of obtaining the vaiue of the Acceleration Pvroportionality 
Constant. 

If? the d-c excited tachometer is to be used as an 
accelerometer in a speed control mechanism, or in 5 manner 
that involves acceleration up to e constant syeed, the 
exponential type test is recomnended as the only method 
of determining the variation of the Deviation Function with 
Shaft velocity. 

It is felt that the Sanborn hKecorder method of measuring 
the output voltage is adequate if a satisfactory preamplifier 
is aevaileble. In the exponential test method it is inportant 
to eliminate any source of shart vibrations and it is advis- 
able to use a d-c drive motor or possibly a drag-cup 
induotion motor to eliminate the “cogging” effect of a 
wound rotor a-c induction motor. 

The effect of sheft vibrations will be present regardless 
of the testing mwethod used but is more apparent with the 
exponential test method. 

Accelerometer Desijn Considerations 

In any discussion of accelerometer design considerations 
it is necessary to exatilne the parameters that make up the 
Acceleration Proportionality Constant, Ka , and also the 
ratio &/L. 

Neglecting all constants and considering only the 


paremeters, Kq becomes, 











It is desirable to have ik/L large to reduce the transient 
effect for the exponential motion und to increase the break 
point frequency for the sinusoidal motion. It is also 
Gesirable to have K/K large to increase the magnitude of 
the Kq. ®xkamination reveals that both ratios contain 
the same parameters and an increase in a paremeter wiil 
increase one ratio but decreese the other. Therefore any 
change of parameters that are mutual to R/L and K/R would 
have to be based on an optimization stuay of the perform- 
ance equation for a particular use. 

This leaves only the length of the pole face, the 
Winding turns and the exoitation current as pulseneters 
lf optimization is not considered. 

Any increase in the number of windings turns would 
involve a study of space, heat, wire size, excitation 
Current and conductor resistivity. 

i inertie is not critical, increasing the length 


of the pole face is an effective way to increase Ko. 
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The yurpose of this derivation is to ottein @ sinvie 
turn rotor coil, With an equivalent resistance, #nhien Wiil 
orocuce the seme Mar elong the output axis BB woulu te 
Droduced by the current sheet in the drag-cup, 


meferring to Pigs. «el wad jek: 
d)\ = NBdA 


= Bm &r(F)d0e ta. 
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where Ad is the total number of fiux lines linkea Ly the 


Single coli (s=1), ana B, is the flus density in ,ausses 


ft. 


(lineS per square centimeter). since the area is exvressed 


, 


in electrical units, 3, nes to be modifled by the factor, 
2/5, to take care of the diltrerence tetween electrical 


Jegrees ani mechanical cegrees. 


rd 


mince ona coil links ) flux lines, the resulting 


Gistribution of Lines is 
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- = 0,098 cm Hesistivity of cup 2 14.9 mohms-cen 


Main winding turns, h,, = 299 
Quadrature winding turns, Ny = 406 


Fig. s-l. Physical dimensions of an ARMA 12400 INDUCTION 
C}NERATOK . 
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If mechanical: redians are substituted for electrical 
joe ele 
Yad 


now 


Cs = 4 oe kre 


This is stiii ea general expression for « single 
{neremental coil et position @. Inu this derivation the 
@eal is considered to hewe only resistance, ox for convene 


fence, condhetance. the conductence of one coil side™ is 





Gs tr do a 


Q olira 
winee the coil consists of two of these increments in 
series and the conductance of the return paths in tre cup 


are considered to have inrinite’ conuuctence, then 


G. _ trda somos 
28 


(A-3) 
this @1l11 be the conductance of one incremental coil 
regardless of the mumber of poles. ‘ue general expression 


hid 
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di. = (f) e,G. 
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_ Levals. = GL DELESs 
7 (S\0, 2Bm Rr 2 pk ae (nc) 


ihe value of current in the ine. exentel coil can ¢lso 
ve consicered the curre.ut.de.sity, in asperes per rudians, 


enSity ses Lllustrated 


re 


OF & current sheet of uniform current 
in Gig. &-S (ae). 
Yhe Smif acting on any path is egual to the tcteai current 


enclosed by that path. If path ., Fig. A-d (a), is choset 
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The S2.f magnitude is one half the totel current since 
Mis current nust force Pluk across twc air ¢thps. 

Tf path B, Wis. *-3 (6), le Chobe, the Het mat is Zero 
Since the currents caéncei sut. Vrhe result is & @lr Wave, 


&8 shown in Pig. f-3 (¢), with a maximum value of 
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Fig. A-3. (a),(b) Uniform current sheet, mmf paths. (c) Mnf 
wave. (d@} Equivalent coil mmf wave. 





Pile. Aewd (4) represents a single coil titet wili srodiicé 
the seme omf erfect along tie outnut axis (G4). for the 
effect of the single coll to be the same @s for the currehnt 


Sheet, area abe must equel area aerg. Therefore 


x = $1 (OER EE) 


Loe ate as 
a . Be 


BY equeting out tne siwile: terns in tne expression 
Bed } ~— 

above, it is possible tc consiuer as the equivaient 
; B v rein : 
resistance of the one turn coil wf Vip. Aes (E). This 

resistance will broduce @ current in this equivalent coil 

Which in turn will produce the same mnf effect elony tne 


Output axis. 


“Vherefore 
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“he purpose of this derivation is to obtain a value 
of inductance for a single turn coil that is eguivarent 


to the inductance of the entire cup. 





Pig. f-1. Current Yigtricution 1x tre dra, -cup 


™e derivation ussumes that the curreit is uniforaly 
distributed over four quairants (four pole Machine), #its 
the @irections of flow as shown in Fig. Del. The HCOoUSL 
space orientation of these quadrants depenas upon bhé 
orientetion of the resultant rotor fiux av any oartlicuLer 
instant of time. 


{lat plate in an 


{fi 


ect, quadrant is considered to oe 


eir gap, af shown in rig. f-e. 





(Pig. 3-3. WTieat slete representation of & dlag-cup quadrant} 


fhe flux produced by the incrementel turn, vith sides 


lines (maxwells) (®-1) 


where 
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and 1 is the sxial length of the pole fuce, is the length 
OF the air gap, and aI is the current (in aMperes) per radian 
Or the current in the incremental ecil. The flux per pair 
© poles 153 éiso dt Sinee for ca peir of moles there would 
We 262 and 2, 

the number of flux ilixases, a) ; wLth tie electri 
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d) = (am\/2dT\antex ) dx lines (be) 


where I is the total current in tke cuv under @ seir of 
poles, and is assumed to oe uniforaly distributed over tne 
cross-sectional area, ‘Therefore the totul linkales, per 


Paix of poles, is 
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